The water movement in unsaturated soil is described by Richard's equation, which is strongly non-linear and cannot be solved analytically. For this reason numerical methods are developed for its solution, such as finite difference and finite element methods. This paper presents another type of numerical solution of Richard's equation, based on the finite control volume method, which has many significant advantages over the other methods, such as the conservativeness of the system and the flexibility of the grid intervals.
INTRODUCTION
The water movement in unsaturated soil is described by Richards' equation, which is strongly non-linear and cannot be solved analytically. So numerical solutions have been developed, such as:
• Semi analytical solutions (Philip /14/; Parlange /12/ etc.), which are valid under certain initial and boundary conditions and are rarely encountered in real phenomena.
• Method of characteristic (Sisson et were carried out at the laboratory. The main purpose of the experiments was to measure the unsaturated hydraulic conductivity and the water mass balance in layered soil. The numerical results, which were obtained by finite control volume method, are in close agreement with the experimental data.
FINITE CONTROL VOLUME METHOD
Patankar /13/ described the control volume method in order to solve the heat transfer equation. This method can be considered as a sub class of weighted residuals method, which is described in detail by Finlayson /10/. The simplest weighting function, which can be used at the weighted residuals method, is W=l. A number of weighted residual equations can be generated by dividing the solution domain into finite control volumes, setting the weighting function to be unity at one of it and zero everywhere else. This variant of the weighted residuals method is called finite control volume. It implies that the integral of the residual over each control volume must become zero. This is the control volume integration, which forms the key step of the finite volume method and distinguishes it from all other numerical techniques.
The calculation domain is divided into a number of non-overlapping finite control volumes such that there is one control volume surrounding each grid point. The differential equation is integrated over each finite control volume. Profiles expressing the variation of Φ between the grid points are used to evaluate the required integrals. The result is the discretization equation containing the values of Φ for a group of grid points. The discretization equation obtained by this method, expresses the conservation principle of Φ for the finite control volume, just as the differential equation expresses it for an infinitesimal control volume.
When the discretization equations are solved to obtain the grid points values of the dependent variable, the result can be viewed in two different ways. In the finite element method and in most weighted residual methods, the assumed variation of Φ consisting of the grid point values and the interpolation functions or profiles between the grid points is taken as the approximate solution. In the finite difference method only the grid point values of Φ are considered to constitute the solution, without any explicit reference of the variation of Φ between the grid points. This is similar to a laboratory experiment, where the distribution of a quantity is obtained in terms of the measured values at some discrete points, without any statement about the variation between them. In finite control volume this second approach is also adopted. The interpolation formulas or the profiles are regarded as auxiliary relations needed to evaluate the required integrals in the formulation. Indeed, the use of nonuniform grid spacing is often desirable to deploy computing power effectively. In general, we shall obtain an accurate solution only when the grid is sufficiently fine, but there is no need to employ a fine grid in regions where the dependent variable changes rather slowly with z. On the other hand, a fine grid is required where the variation is steep. Moreover, there are no universal rules defining maximum (or minimum) ratio of the adjacent grid intervals. 
NUMERICAL SOLUTION
The Richards' equation, describing the one-dimensional unsaturated flow in porous media, is:
where C is the specific water capacity equal to d9 According to the method of weighted residuals:
where V is the domain of the numerical integration (z, t),
and W is the weighting function, where W=1 at the finite control volume method (Patankar /13/). So the
The first term in equation (3.4) , using the grid points of Figure 1 , becomes:
where Δ ζ = z e -z w = (5z)e + ( §Z)w and Cp»Cp(CAt)
The second term in equation (3.4), using the grid points of Figure 1 
where function f(t) is: Substituting equations (3.5) and (3.11) into equation (3.4):
The equation (3.12) is the new computational scheme.
-t+At If we assume that ζ=1, Ψ ρ « Ψρ +Α ' and Ψρ »Ψρ in the equation (3.12) then: This three-diagonal system of equations allows the estimation of vertical water movement in soils.
STABILITY ANALYSIS
We assume for the equation (3.13) that:
where Ψ is the exact solution, Ψ is the approximated net function (3.13) and ε is the error of the approximation Ψ*-Τ. According to Richtmyer and Morton /18/ for stability analysis two questions should be answered:
1. What is the behavior of |Ψ* -Ψ(]Αζ, CAt)| as C->oo for fixed Δχ and At?
2. What is the behavior of jT* -Ψ| as the mesh is refined (Az, At->0) for a fixed value on C At?
To answer these questions one applies the Fourier series method for analyzing stability, introduced by J. zero and the inequality is valid. However, even though the stability analysis shows that the computational scheme is unconditionally stable, the net spacing At and (δζ)ι should be carefully selected due to assumptions and the partial linearization utilized.
APPLICATION
The new computational scheme was tested with experimental data. The physical problem was studied in the laboratory using a plexiglas cylindrical vertical column, which was 100 cm long and 6 cm inside diameter. The experiment was carried out using a layered soil, where the coarse sand was packed as the upper layer and the fine sand as the lower layer. The characteristic curve during infiltration and drainage was measured using values of moisture content (Θ) and suction (Ψ). The water content was measured by the γ-ray absorption method and the suction was measured at the same time at six different places in the column using 
Initial condition.
As initial condition the equilibrium profile Ψ=ζ was considered for both, infiltration and drainage.
Boundary conditions.
At the top of the column it is considered that at the surface of the upper layer the flux is zero (second type or Newman condition).
So for ζ = 0 and t > 0, q=0.
A ceramic cup is placed at the bottom of the column having thickness ί and hydraulic conductivity K c .
Darcy's velocity at the ceramic cup between an inside point Ρ and an outside point Μ ( Figure 3 ) is: Darcy's velocity in the soil sample at a point Ρ near the ceramic cup is:
So the lower boundary condition is a third kind of condition or Newton's law:
For the simulation of water movement in layered soils we assumed that the following conditions hold at the interface between layers (Touma /23/; Elmaloglou /9/):
• Pressure profiles of soil water are continuous at the interface between two layers and pressure values are the same in both layers. On the other hand the moisture profiles are not continuous because the layers have different characteristic curves.
• Water flow at the interface between two layers, which pass from one layer to the other, is the same.
However, the gradient of the pressure profile is not the same from one layer to the other, because the hydraulic conductivity for each layer is different.
• The hydraulic conductivity at the interface is taken as the average of the two layers.
For the new computational scheme a time step At, equal to 0.0001 h and a depth step Az equal to 1 cm are used. Table 1 
DISCUSSION-CONCLUSION
The most attractive feature of the finite control volume is that the resulting solution implies that the integral conservation of quantities such as mass is exactly satisfied over any group of finite control volumes and over the whole calculation domain. In general, the accurate solution is obtained only when the grid is sufficiently fine, but there is no need to employ a fine grid in regions where the dependent variable changes rather slowly with z. On the other hand, a fine grid is required where the variation is steep. This characteristic exists for any number of grid points and not just in a limiting sense, when the number of grid points becomes large. So every solution of the coarse grid exhibits exact integral balances. Of course as the number of grid points is increased, all the formulations are expected to give the same solution.
The stability analysis shows that the computational scheme is stable under all conditions, but the space and time co-ordinates with dimensions (δζ), and At respectively should be carefully selected due to assumptions and the partial linearization utilized.
For the validation of this numerical model, a series of experiments were carried out at the laboratory in an unsaturated two layered vertical soil column (coarse and fine sand). The upper boundary condition was a second kind or Newman and the lower boundary condition was a third kind or Newton's law condition. The main purpose of the experiment was the measurement of unsaturated hydraulic conductivity and also the measurement of water mass balance in layered soils.
A good agreement was observed in the cumulative water volumes, taken by experiment and by numerical calculations. So the new numerical scheme can be considered mass conservative and no instabilities were observed during calculations.
